The metabolic formation of a purely aliphatic mercapturic acid was first recorded by Roberts & Warwick (1957 , who found that rats to which ethyl methanesulphonate had been administered excreted N-acetyl-S-ethyl-L-cysteine (ethylmercapturic acid). Thomson, Maw & Young (1958) reported the excretion of ethylmercapturic acid by rats dosed with bromoethane, and Grenby & Young (1959 showed that n-propylmercapturic acid was excreted by rats, rabbits, guinea pigs and mice to which 1-bromo-or 1-iodopropane had been administered. Bray & James (1958) obtained evidence suggesting that 1-bromobutane, -pentane, -hexane, -heptane and -octane, and 1-nitro-ethane and -propane, formed mercapturic acids in the rabbit, and Barnes, James & Wood (1959) showed that a similar reaction occurred with 1-nitrobutane in the rabbit and rat. The evidence was the increased concentration of thiol compounds (as measured by the intensity of the colour given with sodium nitroprusside) observed in the alkali-hydrolysed urines from animals dosed with the bromoalkanes and the chromatographic detection of the mercapturic acids. It was recognized that the nitroprusside reaction was not specific for mercapturic acids and fractionation of the 'apparent mercapturic acid' into ether-soluble (mercapturic acid) and etherinsoluble (sulphur-containing material that was not mercapturic acid) was reported by Bray & James (1960) . In the present paper a specific method for the estimation of the aliphatic mercapturic acids is described, and the isolation of some aliphatic mercapturic acids is reported. A preliminary account has been given (James, 1961) . MATERIALS All melting points are uncorrected. Carbon and hydrogen microanalyses were carried out by F. and E. Pascher, Bonn. Nitrogen was estimated by the Kjeldahl method and sulphur by the flask method (see Macdonald, 1961) and titration with barium perchlorate (Fritz & Yamamura, 1955) . The halogenoalkanes except 1-iodohexane were purchased. 1-Nitrobutane was prepared as described by Barnes et al. (1959) , and 1-nitrohexane, b.p. 181-183°/ 755 mm. Hg, 99% pure (Br 0-3 %), by the same method * Part 4: Bray & James (1960) . Hg, nD 1-4933, was prepared by the interaction of 1-bromohexane and sodium iodide in acetone solution and purified by fractional distillation. N-Acetyl-S-propyl-L-cysteine, m.p. 93-95°, was prepared as described by Grenby & Young (1960) . S-Butyl-L-cysteine and N-acetyl-S-butyl-Lcysteine were prepared as described by Bray, Franklin & James (1959) . S-Pentyl-, S-hexyl-, S-heptyl-and Soctyl-L-cysteine and their N-acetyl derivatives were similarly prepared and their properties are listed in Table 1 .
METHODS
Paper chromatography. The solvent mixtures used and the RF values of the reference compounds are given in Table 1 . Whatman 3MM paper was used and the chromatograms were developed for about 16 hr. by the descending method. The detecting reagents were the potassium dichromate-silver nitrate reagent of Knight & Young (1958) . The ninhydrin-copper nitrate spray of Moffat & Lytle (1959) was used.
Animals, diet and dosage. These were as described by Bray et al. (1959) .
Determination of metaboltitea in urine
Bromide. The method of Hunter (1953) was used. In 12 control experiments in which sodium bromide was added to urine the average recovery was 95% (range 84-113%).
Iodide. This was converted into iodine by treatment with sodium nitrite in acid solution and determined by titration with 0-01 N-sodium thiosulphate. Allowance was made for the iodine uptake of the acidified urines. A reagent blank with water instead of urine was included in each set of estimations. Under these conditions when sodium iodide was added to urine 91 +9 % of the theoretical titration was obtained.
Gluco8iduronic acid. The modified naphtharesorcinol method described by Bray, Humphris, Thorpe, White & Wood (1952) was used.
Mercapturic acid. (a) Nitroprusside method. This was used as described by Bray, James & Thorpe (1958) and Barnes et al. (1959) . (b) Chromatographic method. This was based on the method of Fisher, Parsons & Morrison (1948) for the determination of amino acids on paper chromatograms. The 24 hr. urine samples were adjusted to pH 6-8 by the addition of 2N-HCI. The volumes were then made up to 300 ml. for rabbit, 30 ml. for rat and 100 ml. for guinea-pig urine. Duplicate samples (usually 0-3 ml.) of the urines (further diluted if necessary to give a suitable concentration) were then applied to strips (3 in. wide) of Whatman 3MM paper, each spot being 1-1 in. from the edge. urine of a concentration similar to that of the urine under examination was applied to paper strips in amounts of 20-60 ,g. The samples were delivered from an Agla microsyringe or a syringe pipette. The urine was dried by a current of warm air after the application of each spot. The strips were all placed in one tank and were developed by the descending method with solvent C for 16 hr. The strips were dried in a current of warm air, sprayed lightly with the potassium dichromate solution followed by silver nitrate solution, and dried at room temperature. The spots were outlined and their areas measured with a planimeter. Over the range used the areas of the spots varied linearly with the concentration. There was some variation in the areas from day to day and a calibration curve was constructed for each set of determinations. mixed with an authentic specimen. N-Acetyl-S-pentyl-L-cysteine from rat urine. By the same procedure the urine of 12 rats each dosed with 92 mg. of 1-bromopentane yielded 32 mg.
(1-7 % of dose) of pentylmercapturic acid, m.p. 100-101°not depressed by admixture with the synthetic acid (m.p. 980).
N-Acetyl-S-hexyl-L-cysteine. By the same procedure, except that the separation on paper sheets was repeated, the urine of 12 rats that had each received 90 mg. N-Acetyl-S-heptyl-L-CySteine. A syrup was obtained by the same procedure from the urine of 12 rats that had each received 67 mg. of 1-bromoheptane, but no crystals were isolated. Chromatography in solvents A and B indicated the presence of heptylmercapturic acid.
Detection of sulphur-containing metabolites by paper chromatography Urine samples were applied directly to the paper; in urines in which no mercapturic acid was detected ether extracts of the acidified urines were examined. Papers were developed with solvents A, B and C. Mercapturic acid was readily detected in the urines obtained from rabbits dosed with the compounds listed in Table 3 except 1-nitrobutane, 1-chlorohexane, 1-nitrohexane, 1-bromoheptane and 1-bromo-octane. The ethereal extracts of the acidified urines obtained after dosing with 1-nitrobutane, 1-nitrohexane and 1-bromoheptane contained small amounts of the expected mercapturic acids. Similar results were obtained with the urines of dosed rats except that heptylmercapturic acid was detected directly in urine as well as in the ethereal extracts, and that hexylmercapturic acid was detected in the ethereal extract of the urine of rats dosed with 1-chlorohexane. No mercapturic acid was detected in urines of either rabbits or rats Bioch. 1964, 90 dosed with 1-bromo-octane. No evidence was obtained either directly or in ethereal extracts for the presence of mercapturic acid in the urines of guinea pigs given 1 -bromobutane, 1 -nitrobutane or 1-bromohexane, In the urines of rabbits and rats dosed with the compounds listed in Table 3 
Quantitative resu1t8
Excretion of glucosiduronic acid. The average increase, expressed as a percentage of the dose, in glucosiduronic acid excretion by the rabbit dosed with 1-bromobutane and 1-bromopentane was 4, the range in six experiments being 0-9. Corresponding values for 1 -bromohexane were 11 (range 0-20 for seven experiments) and for 1-bromobeptane 12 (range 0-22 for six experiments). In three experiments with 1-bromo-octane no increased excretion was observed.
Excretion of mercapturic acid, bromide and iodide. The percentages of the doses excreted are given in Table 3 . Analyses of the urine were continued until the concentration of metabolite returned to the 'normal' level, except where otherwise indicated. In experiments not included in Table 3 the analysis of successive urine samples from rabbits and guinea pigs dosed with sodium bromide or the 1-bromoalkanes showed that bromide was slowly excreted over 4 days whereas the excretion of iodide by animals dosed with sodium iodide or the 1-iodoalkanes was usually complete in 12-27 hr. To. of C atoms/molecule they pointed out, the halogenopropanes may be the mercapturic acids, alkylcysteines partly lost in expired air so that the percentage of 1 sulphur-containing metabolite ob the absorbed dose converted into mercapturic acid F rats dosed with I-bromoalkanes with was probably higher than 1 %. They did not much lower than those indicated by the nonspecific nitroprusside method of Barnes et al. (1959) . Chromatographic examination of the urines of rabbits and rats dosed with 1-bromo derivatives of butane, pentane, hexane, heptane and octane show that a sulphur-containing metabolite different from the mercapturic acid is present. These unidentified compounds give a colour with sodium nitroprusside and account, at least in part, for the higher values obtained from urines by Barnes et al. (1959) . The R. values of these metabolites form a straight line when plotted against the number of carbon atoms in the alkyl radical of the compound fed (see Fig. 1 ) as do those of the corresponding mercapturic acids and alkylcysteines, suggesting that these metabolites form a homologous series. The decrease in the amount of mercapturic acid formed as the 1-bromo-or 1-iodoalkane series is ascended might be a consequence of the rate of the acetylation of the alkylcysteine since the percentage of the dose excreted as mercapturic acids by rabbits and rats dosed with the alkylcysteines also decreases as the series is ascended (unpublished work). The present investigation suggests that the guinea pig is unable to synthesize mercapturic acids to an appreciable extent from any of the halogenoalkanes examined. This is in agreement with the results of Bray et al. (1959) which showed that this animal forms either no mercapturic acid or relatively little as compared with rabbit and rat from any type of mercapturic acid precursor.
In all three species the excretion of iodide after the administration of iodoalkanes was of similar magnitude to that observed after dosing with an equimolecular amount of sodium iodide. This indicates that the metabolism of most of the dose involves loss of the iodine atom. In the rabbit and rat we have so far been able to account for only a small percentage of the alkyl radical as mercapturic acid. Another sulphur-containing metabolite is excreted but this probably accounts for about 10 % of the dose of 1-bromobutane in the rabbit and rat but much less in the guinea pig, as the colour given by this partially purified metabolite in the nitroprusside reaction is about 2-5 times as intense as that given by the mercapturic acid when the colour intensities are related to their sulphur contents (unpublished work). The excretion of bromide was much slower than that of iodide and incomplete after several days. This is in agreement with the results of previous workers (see Sollmann, 1957) . The method of determination used does not distinguish Br ions from combined bromine, but as the pattern of excretion resembles that observed after administration of sodium bromide it seems likely that most of a dose of a bromoalkane is debrominated. SUMMARY 1. The metabolism of some halogeno-and nitroparaffins has been studied in the rabbit, rat and guinea pig.
2. The corresponding mercapturic acids have been isolated from the urine of rabbits and rats given bromobutane and bromopentane and of rats given bromohexane.
3. The amounts of mercapturic acid excreted by animals given several halogeno-and nitro-alkanes have been determined by a specific chromatographic method.
4. Most of the compounds examined yield in the rabbit and rat another sulphur-containing metabolite, and R. values suggest that these metabolites from bromobutane to bromo-octane form a homologous series.
5. The excretion of bromide and iodide by animals given bromo-and iodo-alkanes has been measured.
